Introduction

T-bet (T-box expressed in T cells), a member of the T-box family of transcription
factor genes, was first identified from a Th1-cell cDNA library as a Th1-specific transcription factor 1 , and was also cloned as Tbx21 2 . Analysis of T-bet deficient mice has shown that CD4 T cells lacking T-bet are severely impaired in their ability to produce IFNγ, susceptible to Leishmania major infection, and have a marked in vivo shift of the Th1/Th2 balance toward the Th2 pathway [3] [4] [5] . These findings demonstrate a central role for T-bet in governing IFNγ expression and Th1 development in CD4 T cells. In addition to its critical role in CD4 T cell differentiation, T-bet has also been demonstrated to play important roles in regulating IFNγ and CTL activities in CD8 T cells [6] [7] [8] . It binds directly to the promoters of perforin and granzyme B 9 , and dominant negative T-bet abolishes
IFNγ production and CTL function in CD8 T cells 10 .
T-bet was initially suggested to be induced by IL-12/Stat4 signals 1, 11 , but later investigation demonstrated that it is regulated by IFNγ/Stat1 [12] [13] [14] Very recently, it has been shown that retroviral mediated Stat4 expression in CD4 T cells induces Stat1 independent T-bet expression 15 . In addition to being
Materials and Methods
This study was approved by the institutional review board of Mount Sinai School of Medicine and informed consent was provided according to the Declaration of Helsinki. Animals involved in the research reported in this manuscript were done with approval from the IACUC.
Mice. BALB/c, C57BL/6, OT-1 transgenic mice specific for OVA [257] [258] [259] [260] [261] [262] [263] [264] , Stat4 KO (BALB/c background), T-bet KO (BALB/c background), IFNγ KO (C57BL/6 background) and IFNγR KO (C57BL/6 background) mice were purchased from
The Jackson Laboratory (Bar Harbor, Maine). Stat1 KO (129S6 background) and 129S6 control mice were purchased from Taconic (Germantown, NY).
Reagents. Recombinant mouse cytokines IL-12 and IFNγ were purchased from BD Pharmingen (San Diego, CA); anti-CD3, FITC-labeled anti-CD4, FITClabeled anti-B220, FITC-labeled anti-CD8, PE-labeled anti-CD8, PE-Cy5-anti-CD44, anti-CD28 and anti-IFNγ mAbs were purchased from BD Pharmingen.
IFNα and IFNβ were purchased from PBL Biomedical Laboratories (Piscataway, NJ). CD4 and CD8 MicroBeads were purchased from Miltenyi Biotech (Auburn, 21 . P 32 -dCTP was purchased from PerkinElmer (Boston, MA). EL-4 and NK92 cells were purchased from the ATCC (Manassas, Virginia), and U3A cells were maintained as previously described 22, 23 .
Cell Culture. Single cell suspensions were prepared from spleen or lymph node by filtering through nylon mesh (40-μm diameter). CD4 and CD8 T cells were positively selected by using CD4+ or CD8+ MicroBeads or sorted by Moflo (Cytomation, Denver, Colorado) after staining with FITC-anti-CD4, PE-anti-CD8
and PE-Cy5-anti-CD44, seeded into 96-well round bottom plates coated with anti-CD3 mAb (5 μg/ml) at 4x10 4 cells/well, then further activated with soluble anti-CD28 mAb (1μg/ml), with various cytokines as indicated. For APC dependent assays, B cells were purified by cell sorting after staining with FITCanti-B220 (after sorting, cell purity is about 98%), and treated with Mitomycin C (Sigma, 50μg/ml), for 50 minutes at 37 o C. Purified OT1 CD8+ T cells (2 x10  4 ) and Mitomycin C treated B cells (1 x10 4 ) were incubated with OVA peptides (5 μg/ml) in round-bottom 96-well plate with cytokines for various time as indicated.
Human CD8 T cells were purified with human CD8+ MicroBeads (Miltenyi Biotech, Auburn, CA) from health human donors.
Western Blotting. Protein extracts were prepared and concentrations were determined as previously described 24 . Proteins were then separated by 7.5%
SDS-polyacrylamide and transferred to polyvinylidene difluoride membranes;
probed with anti-phosphorylated Stat4 (1:200 dilution), anti-Stat4 (1:500 dilution);
anti-phosphorylated Stat1 (1:250 dilution); anti-Stat1 (1:500 dilution) or anti-T-bet
(1:200), subsequently incubated with HRP-conjugated anti-rabbit IgG, and detected by the enhanced chemiluminescence system (Amersham, Piscataway, NJ).
Quantitative RT-PCR. Total RNA was extracted from purified cells with TRIzol solution (Invitrogen, Carlsbad, CA). Reverse transcription was carried out using the Omniscript reverse transcription system (Qiagen, Germany) and random primers. Quantitative PCR was performed with the LightCycler system (Roche, Germany) and the SYBER Green PCR kit (Qiagen, Germany). All experiments were done at least 3 separate times, and expression of specific genes were normalized and expressed as percentage relative to housekeeping genes (Cyclophilin A or GAPDH).
Chromatin Immunoprecipitation (ChIP) and Eletrophoretic Mobility Shift
Assay (EMSA). ChIP was performed according to the manufacturer's protocol.
To identify Stat4 or Stat1 binding sites, CD4 or CD8 T cells were purified and 
Results
IL-12 induces Stat1 independent T-bet expression in CD8 T cells
We 
Sustained Stat4 activation is associated with T-bet induction
In addition to IL-12, IL-23, and type 1 IFNs (IFNα and IFNβ) also activate 
Identification of a distant STAT responsive T-bet regulatory region
The Chromatin Immunoprecipitation (ChIP) assay based genomic array has been used to identify potential targets for specific transcription factors 9, 31 . We next Figure 5F ), further demonstrating that the identified sequence specifically interacts with Stat1 and Stat4, and has enhancer activity.
Adenovirus induces Stat4 but not Stat1 dependent CD8 T-bet expression in vivo.
Adenovirus (AdV) elicits strong CD8, CD4 and NK cell responses similar to many other viruses, and is widely used in gene therapy and vaccination 36 . We used STATs bind to a palindromic core DNA motif TTCN 2-4 GAA present in cytokineinducible genes [32] [33] [34] [35] , and the arrangement in pairs for the STAT binding motif allows the cooperative binding of two STAT dimers 32, 37 , and the mismatch half site TTA instead of TTC is permissible 35 . In this report, we identified a conserved T-bet enhancer, which consists of two potential STAT binding motifs 
